Introduction {#Sec1}
============

Pancreatic cancer (PC) is one of the most frequent and most deadly abdominal cancers \[[@CR1]\]. The mean age of patients diagnosed with PC of ductal origin (i.e., ductal adenocarcinoma) in the USA is 70.2 years (Surveillance, Epidemiology, and End Results database, 1988--2003) \[[@CR2]\]. PC is a rare diagnosis in young patients. Early onset PC (EOPC, definition based on the threshold of 40, 45, or 50 years of age \[[@CR3]--[@CR9]\]) constitutes less than 5% of all newly diagnosed cases of PC \[[@CR4], [@CR6], [@CR9]\]. Nowadays, it is clear that cancers in young patients need a specific management since they often differ in molecular, epidemiological, and therapeutic aspects from cancers in older population \[[@CR10], [@CR11]\]. Several groups of investigators studied the issue of EOPC \[[@CR3], [@CR4], [@CR6]--[@CR9], [@CR12]\]. Inherited predisposition and smoking are believed to be the major EOPC risk factors \[[@CR6]\]. Younger age of an individual patient at the PC onset may be a hallmark of so-called familial PC \[[@CR13]\]. However, the mean age of patients with familial PC is less than 5 years younger than the mean age of patients with sporadic PC \[[@CR13]\]. That is why only a small portion of patients with familial PC are diagnosed as EOPC \[[@CR4]\]. Unfortunately, there are no sensitive nor specific clinical, histopathological, genomic, or proteomic features which could clearly distinguish EOPC from PC in older patients \[[@CR3], [@CR9]\].

Pancreatic intraepithelial neoplasia (PanIN) is a well-recognized and extensively studied precursor lesion of PC of ductal lineage \[[@CR14]--[@CR23]\]. PanINs may present as flat, micropapillary, or papillary noninvasive intraductal lesions, which usually develop within small pancreatic ducts (less than 5 mm \[[@CR18]--[@CR20]\] or less than 10 mm in diameter \[[@CR15]\]). PanINs are divided into four categories based on grade of dysplasia (1A, 1B, 2, and 3) \[[@CR15]--[@CR18], [@CR20], [@CR21], [@CR23]\]. Low-grade PanINs (PanINs-1A, PanINs-1B, PanINs-2) may be found in pancreata of 16--80% of individuals without any clinically detectable pancreatic disease. In contrast, PanINs-3 are very rarely seen in pancreata of individuals without PC \[reviewed in Refs. 16, 17\]. In a proportion of cases, PanINs (particularly low-grade ones) may be associated with obstruction of branch pancreatic ducts. This may lead to localized atrophy of pancreatic lobule \[focal lobular atrophy (FLA)\] drained by the affected duct and subsequent focal fibrosis of the pancreatic parenchyma \[[@CR24]\]. Atrophy and fibrosis within areas of FLA are frequently associated with acinar--ductal metaplasia and formation of so-called tubular complexes. Tubular complexes may develop within atrophic lobules with or without associated PanIN within a draining duct. At the advanced stage of this process, mucinous metaplasia within ductules of tubular complexes may develop (mucinous tubular complexes) \[[@CR25], [@CR26]\]. It should be distinguished from PanIN (i.e., mucinous change within pre-existing duct) \[[@CR27]\].

PanINs and FLAs are more frequent in older individuals, and therefore, they are believed to represent an age-related phenomenon \[[@CR24], [@CR28], [@CR29]\]. However, PanIN--FLA complexes are particularly frequent in pancreata of individuals with a strong family history of PC \[[@CR19], [@CR26], [@CR30]\]. This may be very useful for screening of persons with high risk of developing PC, since FLAs may be visualized by endoscopic ultrasonography \[[@CR19], [@CR26], [@CR30]--[@CR34]\].

Up to 20% of ductal PC (both sporadic and familial) are derived from other type of PC precursor lesions--intraductal papillary mucinous neoplasms (IPMNs) \[[@CR19]\].

Rare reports on histopathological characteristics of EOPCs are available \[[@CR3], [@CR9]\]. In contrast, we are not aware of any detailed reports on precursor lesions of EOPC. Therefore, in the present study, we aimed to provide a histopathological description of extratumoral pancreatic parenchyma (EPP) in patients with EOPCs. We particularly emphasized morphological types of EOPC precursor lesions and their density in EPP.

Materials and methods {#Sec2}
=====================

The study was performed in concordance with the Helsinki Declaration.

Study design and selection of cases {#Sec3}
-----------------------------------

We reviewed retrospectively all cases of pancreatic resections received and diagnosed in our institution between January 1985 and December 2010. In all cases, available clinical data, gross pathology reports, as well as microscopic slides, were reexamined by two of the authors (LL and JP). Histopathological diagnoses were based on the criteria published in the U.S. Armed Forces Institute of Pathology Fascicle \[[@CR35]\] and the recent World Health Organization reference book \[[@CR36]\]. A minority (less than 10%) of cases were not available for rereview, and these cases were excluded from the study.

The main study group (EOPC cases) {#Sec4}
---------------------------------

The main study group included patients with pancreatic ductal adenocarcinoma diagnosed at the age of 45 and younger between 1985 and 2010. These patients were diagnosed as EOPCs. The age cut-off value we implemented here (45 years) was selected based on the largest so far study of patients with EOPC performed by Dr. Duffy and associates at Memorial Sloan Kettering Cancer Center, New York \[[@CR4]\]. Patients with neoplasms of non-ductal origin \[e.g., acinar cell carcinomas, neuroendocrine neoplasms (NENs), solid pseudopapillary neoplasms\] were carefully excluded from the main study group. Cases of invasive carcinomas associated with mucinous cystic neoplasms were also excluded since their pathogenesis, demographic characteristics, and clinical presentation differ in significant extent from those of PCs \[[@CR35], [@CR36]\].

Control groups {#Sec5}
--------------

For comparative purposes, we distinguished two control groups.

Control group 1 included cases of primary pancreatic NENs diagnosed in patients at the age of 45 or less between 1985 and 2010. That control group was established since it is highly probable that the prevalence of PC precursor lesions in patients with NENs represent their "baseline" prevalence in the general population. It was showed previously that the prevalence of PC precursor lesions in patients with NENs is primarily related to the patients' age and/or presence of chronic pancreatitis \[[@CR37], [@CR38]\]. Moreover, there is no convincing evidence that NENs are related pathogenetically to PanINs/IPMNs \[[@CR35]\].

Control group 2 included patients with pancreatic ductal adenocarcinoma diagnosed at the age of 46 or older in 2009 and 2010. That control group was established since we aimed to examine whether types and density of PC precursor lesions in patients with EOPC differ from PC precursor lesions in older patients. This could potentially indicate that PCs in younger and older patients differ in some aspects of their pathogenesis.

Data collection and histopathological examination {#Sec6}
-------------------------------------------------

All available slides of cases of EOPCs and control groups were examined for the presence of EPP. Since in the present study we aimed to describe the characteristics of PC precursor lesions, we selected a subgroups of cases of EOPCs, NENs in young patients, and PCs in older patients in which at least 2 cm^2^ of EPP was found. In some specimens, smaller portions of EPP were available for review. In those cases, EPP was frequently localized in a very close proximity to the tumor border, and it showed usually changes compatible with mass-related atrophy and/or inflammation.

The main lesions which EPP was searched for were PanINs and IPMNs \[[@CR15], [@CR16]\]. In cases when the particular precursor lesion was less than 0.5 cm in diameter, it was classified as PanIN. When it was larger than 0.5 cm but smaller than 1 cm, it was called "incipient IPMN." Larger lesions were named as IPMNs. These diagnostic categories were based on the previous study \[[@CR19]\]. The grade of dysplasia within PanINs was assessed using internationally accepted criteria \[[@CR18]\]. In cases of IPMNs/incipient IPMNs, grade of dysplasia (low grade, moderate grade, or high grade) as well as histopathological variant (gastric foveolar, intestinal, pancreatobiliary, oncocytic) was described \[[@CR35], [@CR39]\]. PanINs-3 and incipient IPMNs with high-grade dysplasia were classified as high-grade PC precursor lesions \[[@CR19]\]. Reactive atypical epithelium, transitional/squamous cell metaplasia, as well as cancerization of ducts, were taken into account in differential diagnosis of PanINs/IPMNs and carefully excluded before establishing the PanINs/IPMNs diagnosis, based on previously proposed criteria \[[@CR17], [@CR18]\]. In particular, abrupt transition from highly dysplastic epithelium to the "normal" epithelium, continuity of dysplastic intraductal foci with invasive carcinoma, as well as flat rather than (micro) papillary configuration of the lesion, were considered as hallmarks of secondary colonization of pre-existing ducts by invasive carcinoma rather than the presence of primary non-invasive high-grade lesion, PanIN-3 \[[@CR17], [@CR18]\].

EPP was also searched for foci of FLA related to PanINs \[[@CR24]\]. Acinar cell atrophy, islet aggregation, tubular complexes, small intralobular retention cysts, fatty change, as well intralobular fibrosis, are frequently seen in FLAs \[[@CR19], [@CR24]--[@CR26], [@CR28], [@CR30], [@CR40]--[@CR42]\]. Additionally, a subcategory of FLA associated with mucinous tubular complexes was separately distinguished.

EPP areas were additionally studied for other lesions of ductal origin (squamous cell metaplasia, goblet cell metaplasia, oncocytic metaplasia, mucinous nonneoplastic cysts), acinar origin (acinar cell nodules), endocrine origin (endocrine-ductular/ductuloinsular lesions, NENs), and centroacinar/intercalated origin (squamoid cysts, centroacinar cell hyperplasia, microscopic serous cystic, or solid neoplasms) \[[@CR27], [@CR35], [@CR42], [@CR43]\]. Intensity of fibrosis was described semiquantitatively as mild, moderate, or marked. Moreover, histopathological features suggestive of acute pancreatitis were documented if present \[[@CR44]\].

Data analysis and statistics {#Sec7}
----------------------------

In each case, duct profiles containing PC precursor lesions were counted. The EPP surface was measured directly on microscopical slides with the area rounded up to nearest 0.25 cm^2^. The densities of PC precursor lesions were calculated as a number of lesions per square centimeter of EPP (PanIN-1A density, PanIN-1B density, PanIN-2 density, PanIN-3 density, overall PanIN density, low-grade incipient IPMN density, moderate-grade incipient IPMN density, high-grade incipient IPMN density, overall incipient IPMN density, overall PC precursor density, overall high-grade PC precursor density) \[[@CR19]\]. PanINs and IPMNs visualized in the main pancreatic duct were documented but not included in the above counts.

Additionally, in each case, the proportion of PanINs associated with FLAs among all PanIN lesions (FLA to PanIN rate) and the proportion of PanINs associated with FLAs with mucinous tubular complexes among all PanIN lesions (rate of mucinous tubular complexes to PanINs) were calculated.

Medians of densities of PC precursor lesions, FLA-related rates, and patients' age were compared between the main study group and control groups using Mann--Whitney *U* tests. Proportions were compared between study groups using Fisher's exact tests. The statistical relationship between patients' age and PanINs' densities was assessed using the Spearman's rank correlation coefficient. All statistical tests were two-tailed. Significance was set up at *p* ≤ 0.05.

Results {#Sec8}
=======

Basic clinical and histopathological characteristics of EOPCs and control cases {#Sec9}
-------------------------------------------------------------------------------

We selected only these resected cases of EOPCs, NENs in young patients, and PCs in older patients, in which adequate EPP area (at least 2 cm^2^) could be examined. Therefore, the study included 23 out of 26 EOPC cases, 13 out of 22 NEN cases in young patients (the two additional enucleated tumors not taken into account), and 41 out of 44 PCs in older patients.

Two cases of PCs in older patients were then excluded since they were associated with intraductal tubulopapillary neoplasms \[[@CR36]\]. At the moment, it is not clear whether intraductal tubulopapillary neoplasms represent a morphological variant of IPMNs or rather separate intraductal pancreatic lesions of separate origin and/or differentiation.

Basic clinical and histopathological characteristics of cases included in the present study were presented in Table [1](#Tab1){ref-type="table"}. A single EOPC case was diagnosed as familial PC---the two first-degree relatives of that patient were affected with PC. Another EOPC patient had a family history of a single case of PC. Another EOPC patient had a family history of multiple cancers of different types and locations. There was no family history of PC in young patients with NENs. Two patients with PC older than 45 years had a first-degree relative with PC. Another two patients with PCs at the age above 45 years had a family history of several PC cases, but no case was diagnosed in first-degree relatives. No family history of three patients with PC at the age above 45 years was available. None of the patients or their family kindred in the main study group and in the control groups was diagnosed with hereditary syndromes associated in an increased risk of developing PC. Table 1Basic clinical and histopathological characteristics of patients with EOPCs and patients in control groups 1--2VariableMain study group: EOPCs (*n* = 23)Control group 1: NENs of the pancreas in young patients (*n* = 13)Control group 2: Ductal pancreatic adenocarcinomas in older patients (*n* = 39)Gender (male/female)13:107:623:16Age (median, interquartile range)42.0 (40.0--44.0)^a^36.0 (35.0--44.0)^a^60.0 (55.0--66.0)Localization (head/body/tail/more than 1 segment/not known)18:0:2:3:05:1:6:0:137:0:1:1:0Tumor characteristics21 cases of conventional ductal adenocarcinoma, a single case of undifferentiated carcinoma, a single case of invasive carcinoma associated with IPMN (colloid carcinoma)12 cases of neuroendocrine tumors G1/G2, a single case of (poorly differentiated) neuroendocrine carcinoma30 cases of conventional ductal adenocarcinoma, a single case of undifferentiated carcinoma, eight cases of invasive carcinoma associated with IPMN (six of tubular differentiation and two of colloid differentiation)*EOPC* Early onset pancreatic cancer; *NEN* neuroendocrine neoplasm; *IPMN* intraductal papillary mucinous neoplasm^a^Median age of patients with EOPCs versus median age of young patients with NENs, Mann--Whitney *U* test, *p* = 0.087

The median value of age of patients with EOPC was 6.0 years higher than the median value of age of young patients with NENs (Mann--Whitney *U* test, *p* = 0.087, Table [1](#Tab1){ref-type="table"}). Lack of (statistical) significance concerning that comparison might result from relatively small numbers of patients included, but we believe that difference was of no "clinical" significance. Previously reported PanIN prevalence rates in individuals in their 30s and 40s seemed to be comparable \[[@CR23], [@CR29]\]. It is not known, however, whether densities of PC precursor lesions in individuals in their 30s and 40s are the same.

Only 1 out of 23 EOPC cases (4.4%) was derived from IPMN. That was colloid carcinoma \[[@CR45]\] associated with intestinal type IPMN with moderate and focally high-grade dysplasia present within the main pancreatic duct and additionally in a branch duct. In contrast, 8 out of 39 (20.5%) studied cases of PC in older patients were associated with IPMNs. That difference was of no statistical (Fisher's exact test, *p* = 0.136) but possibly of clinical significance. Among older patients with PCs, two cases of colloid carcinomas were associated with intestinal type IPMNs, three cases of tubular carcinomas were associated with pancreaticobiliary-type IPMNs (one with focal oncocytic differentiation), two cases of tubular carcinomas were associated with gastric foveolar-type IPMNs and a single case of tubular carcinoma was associated with IPMN of mixed differentiation. All cases were present in main pancreatic ducts and in some proportion of branch ducts. The detailed data on clinical--pathological characteristics of all EOPC cases are to be described in a separate manuscript (in preparation).

EPP in patients with EOPCs (main study group) {#Sec10}
---------------------------------------------

Among 23 studied patients, PanINs (Fig. [1a--b](#Fig1){ref-type="fig"}) were found in 22 (95.6%) of them. PanINs-3 were found in nine (39.1%) cases. The overall PanIN density ranged from 0.0 to 2.00 lesions cm^−2^ of EPP. The PanIN-3 density ranged from 0.0 to 0.60 lesions cm^−2^ of EPP. As mentioned earlier, a single PC developed from IPMN (Fig. [2a--b](#Fig2){ref-type="fig"}). IPMNs or incipient IPMNs were not found in any other EOPC cases. FLAs (Fig. [3a--f](#Fig3){ref-type="fig"}) were present in 13 cases (from one to five lesions per case); in seven of them, they showed features of mucinous tubular complexes. The FLA to PanIN rate ranged from 0.0 to 0.66, whereas the rate of mucinous tubular complexes to PanINs ranged from 0.0 to 0.33. Two patients showed features of moderate to marked chronic obstructive pancreatitis. Fat necrosis was seen focally in six cases. Amyloid deposits in islets, small oligocystic serous adenoma, PanIN-1A within the main pancreatic duct (not included in the above counts) were present in one case each. In one patient, there was a neuroendocrine tumor G1 coexistent with PC. In EPP of a single case, diffuse centroacinar cell hyperplasia (Fig. [4](#Fig4){ref-type="fig"}), but no PanINs were found. The significance of this finding remained unknown. In several cases, invasive carcinoma secondarily involved pre-existing ducts (Fig. [5a--b](#Fig5){ref-type="fig"}). Fig. 1**a--b** PanIN in patients with EOPCs. **a** PanIN-1B. **b** PanIN-3 (micropapillary pattern)Fig. 2**a--b** IPMN in patient with EOPC. That was intestinal type neoplasm within the main pancreatic duct and branch ducts which progressed to colloid (mucinous noncystic) carcinoma (not shown)Fig. 3**a--f** FLA related to low-grade PanIN in patients with EOPCs. Intralobular fibrosis, acinar dropout, "naked" islets, ductules with mucinous metaplasia (mucinous tubular complexes). In some tubular complexes, residual acinar cells intermixed with mucin-rich metaplastic cells (**d**, **e**). Mucinous tubular complexes in close proximity to residual islets (**f**)Fig. 4Centroacinar cell hyperplasiaFig. 5**a--b** Secondary cancerization of pre-existing ducts by invasive carcinoma. Conventional ductal adenocarcinoma with abundant intracellular mucin involving normal branch duct (**a**) and undifferentiated carcinoma (**b**) involving branch duct with PanIN-1A (all figures in hematoxylin and eosin)

EPP in young patients with NENs (control group 1) {#Sec11}
-------------------------------------------------

Among the 13 NENs studied, PanINs were found in eight cases. PanIN-1A lesions in the main pancreatic ducts were found in two additional cases. In a single patient, ductules with PanINs-1A were entrapped within tumor mass (so-called ductuloinsular neuroendocrine tumor). Incipient IPMNs and high-grade PC precursor lesions were absent. FLAs associated with PanINs were present in seven cases. In four of these cases, mucinous tubular complexes were found. In one patient, mucinous nonneoplastic cyst, amyloid islet depositions as well as islet microadenomatosis were found. In another patient, a small squamoid cyst was found. Focus of fat necrosis and focal squamous cell metaplasia of branch pancreatic duct were found in one case each. Features of moderate chronic pancreatitis were present in two cases. A single patient showed histopathological features of groove (paraduodenal) pancreatitis with duodenal intramural cyst.

EPP in older patients with PC (control group 2) {#Sec12}
-----------------------------------------------

PanINs were found in all 39 cases studied. PanINs-3 were visualized in 30 (76.9%) out of 39 cases. The figures concerning PanIN prevalence in older patients obviously cannot be compared to the parallel values in EOPC group since the studied EPP areas in both groups did evidently differ. The overall PanIN density ranged from 0.21 to 1.89 lesions cm^−2^ of EPP. The PanIN-3 density ranged from 0.0 to 0.44 lesions cm^−2^ of EPP. As mentioned earlier, eight cases were associated with IPMNs. Incipient IPMNs were found in branch ducts of all of these eight patients, but they presented different grades of dysplasia, morphological types, and extent of EPP involvement. A single incipient IPMN of low-grade dysplasia and gastric foveolar differentiation was found in the EPP area peripheral to the invasive lesion in a single case of conventional PC related to the PanIN-3. The FLA to PanIN rate in older patients with PCs ranged from 0.0 to 0.79, whereas the rate of mucinous tubular complexes to PanINs ranged from 0.0 to 0.64. Twelve patients showed features of moderate to marked chronic obstructive pancreatitis. Fat necrosis was seen focally in seven cases. Pseudocysts were found in two cases. Squamous cell metaplasia of pancreatic dusts was seen in 11 cases; in two of them, it was extensively distributed in EPP. Neuroendocrine microadenomas were noticed in four patients (in one of them, two lesions were visualized). Squamoid cyst was found in a single patient. In another single patient, well-developed epithelioid granulomas with Langhans cells but without necrosis were found in EPP and in several peripancreatic lymph nodes. PanINs-1A, PanINs-1B, PanINs-2, and PanINs-3 in main pancreatic duct were found in 1, 3, 1, and 1 patient, respectively.

Comparison of densities of PC precursor lesions in patients with EOPCs and in young patients with NENs {#Sec13}
------------------------------------------------------------------------------------------------------

Densities of PanINs of all grades were significantly larger in EPP of patients with EOPCs as compared to EPP of young patients with NENs (Table [2](#Tab2){ref-type="table"}). However, there were no differences concerning the rate of FLAs to PanINs and the rate of mucinous tubular complexes to PanINs between those groups of patients. Table 2PC precursor lesions in extratumoral parenchyma of patients with EOPCs and patients in control groups 1--2VariableMain study group: EOPCs (*n* = 23)Control group 1: NENs of the pancreas in young patients (*n* = 13)Control group 2: ductal pancreatic adenocarcinomas in older patients (*n* = 39)Studied area of EPP (cm^2^, median, IQR)6.0 (4.0--7.0)6.0 (4.0--9.5)19.0 (15.5--33.0)Prevalence of PanINs-1A22/237/1339/39Density of PanINs-1A (no. of lesions cm^−2^, median, IQR)0.40 (0.24--0.77)0.11 (0.0--0.21), ***p***  **= 0.0001**^a^0.19 (0.12--0.27), ***p***  **= 0.0002**^b^Prevalence of PanINs-1B21/237/1339/39Density of PanINs-1B (no. of lesions cm^−2^, median, IQR)0.34 (0.17--0.50)0.07 (0.0--0.21), ***p***  **= 0.006**^a^0.26 (0.16--0.42), *p* = 0.536^b^Prevalence of PanINs-215/230/1337/39Density of PanINs-2 (no. of lesions cm^−2^, median, IQR)0.17 (0.0--0.25)0.0 (0.0--0.0), ***p***  **= 0.0003**^a^0.12 (0.06--0.16), *p* = 0.683^b^Prevalence of PanINs-39/230/1330/39Density of PanINs-3 (no. of lesions cm^−2^, median, IQR)0.0 (0.0--0.17)0.0 (0.0--0.0), ***p***  **= 0.012**^a^0.07 (0.02--0.12), *p* = 0.069^b^Overall prevalence of PanINs22/238/1339/39Overall density of PanINs (no. of lesions cm^−2^, median, IQR)1.20 (0.75--1.33)0.17 (0.0--0.42), ***p***  **= 0.0001**^a^0.71 (0.47--1.04), ***p***  **= 0.003**^b^Prevalence of FLA13/237/1338/39Rate of FLA to PanINs (median, IQR)0.17 (0.0--0.33)0.32 (0.21--1.0), ***p***  **= 0.077**^a^0.29 (0.19--0.52), ***p***  **= 0.018**^b^Prevalence of mucinous tubular complexes7/234/1328/39Rate of mucinous tubular complexes to PanINs (median, IQR)0.0 (0.0--0.13)0.1 (0.0--0.58), ***p***  **= 0.135**^a^0.17 (0.0--0.28), ***p***  **= 0.002**^b^Prevalence of low-grade incipient IPMNs0/230/137/39Density of low-grade incipient IPMNs (no. of lesions cm^−2^, median, IQR)0.0 (0.0--0.0)0.0 (0.0--0.0), NA0.0 (0.0--0.0), ***p***  **= 0.034**^b^Prevalence of moderate-grade incipient IPMNs1/230/137/39Density of moderate-grade incipient IPMNs (no. of lesions cm^−2^, median, IQR)0.0 (0.0--0.0)0.0 (0.0--0.0), *p* = 0.4880.0 (0.0--0.0), *p* = 0.154^b^Prevalence of high-grade incipient IPMNs0/230/138/39Density of high-grade incipient IPMNs (no. of lesions cm^−2^, median, IQR)0.0 (0.0--0.0)0.0 (0.0--0.0), NA0.0 (0.0--0.0), ***p***  **= 0.022**^b^Overall prevalence of incipient IPMNs1/230/139/39Overall density of incipient IPMNs (no. of lesions cm^−2^, median, IQR)0.0 (0.0--0.0)0.0 (0.0--0.0), *p* = 0.4880.0 (0.0--0.0), ***p***  **= 0.059**^b^Overall prevalence of precursor lesions of PC22/238/1339/39Overall density of precursor lesions of PC (no. of lesions cm^−2^, median, IQR)1.20 (0.87--1.33)0.17 (0.0--0.42), ***p***  **= 0.0001**^a^0.75 (0.48--1.08), ***p***  **= 0.008**^b^Overall prevalence of high-grade precursor lesions of PC9/230/1332/39Overall density of high-grade precursor lesions of PC (no. of lesions cm^−2^, median, IQR)0.0 (0.0--0.17)0.0 (0.0--0.0), ***p***  **= 0.012**^a^0.09 (0.05--0.18), ***p***  **= 0.024**^b^*EOPC* Early onset pancreatic cancer, *NEN* neuroendocrine neoplasm, *EPP* extratumoral pancreatic parenchyma, *IQR* interquartile range, *PanIN* pancreatic intraepithelial neoplasia, *FLA* focal lobular atrophy, *IPMN* intraductal papillary mucinous neoplasm, *NA* not available (cannot be calculated), *PC* pancreatic cancer^a^Median values of studied variables in patients with EOPCs versus median values in young patients with NENs, Mann--Whitney *U* tests, statistically significant results are in bold^b^Median values of studied variables in patients with EOPCs versus median values in older patients with ductal pancreatic adenocarcinomas, Mann--Whitney *U* tests, statistically significant results are in bold

Comparison of densities of PC precursor lesions in patients with EOPCs and in older patients with PCs {#Sec14}
-----------------------------------------------------------------------------------------------------

Densities of PanINs-1B, PanINs-2, and PanINs-3 in EPP of patients with EOPCs and older patients with PCs were comparable (Table [2](#Tab2){ref-type="table"}). In contrast, density of PanINs-1A was twofold larger in cases of EOPC than in older PC cases. This fact contributed to statistically significant difference of overall PanIN density between the main study group and control group 2. In contrast, rate of FLAs to PanINs and the rate of mucinous tubular complexes to PanINs were higher in older patients with PCs in comparison with patients with EOPCs. Since more cases of PC in older patients with PCs than cases of EOPC were related to IPMNs, it was not surprising that the densities of incipient IPMNs (except those of moderate grade) were higher in the former group. Overall density of PC precursor lesions was larger patients with EOPCs, but overall density of high-grade PC precursor lesions was higher in older patients with PCs.

Correlation between patients' age and PanINs' densities {#Sec15}
-------------------------------------------------------

We did not find significant correlations between patients' age and overall PanIN density in EOPC patients and in young patients with NENs (Spearman's rank correlation coefficients, *p* = 0.992 and *p* = 0.725, respectively). In contrast, overall PanIN density was rather weakly but significantly positively correlated with age of older patients with PC (*r* = 0.330, *p* = 0.040). Similar levels of correlation were found between age of older patients with PCs and their overall PC precursor density and overall high-grade PC precursor density, but not incipient IPMN density (specific data not shown).

Discussion {#Sec16}
==========

Pathogenesis and histopathology of EOPC {#Sec17}
---------------------------------------

Due to its rarity, there is relatively small amount of data concerning epidemiology, symptomatology, optimal treatments options, as well as long-term prognosis in EOPC \[[@CR3], [@CR4], [@CR6], [@CR9]\]. Bergmann et al. \[[@CR3]\] and Lüttges et al. \[[@CR9]\] presented data on histopathology and molecular characteristics of EOPC. The pathogenesis of EOPC is poorly understood. Some PC cases including EOPC ones may be associated with individual genetic predisposition \[[@CR46]\]. Noteworthy, the percentage of EOPC patients with positive family history of PC (10.3%) \[[@CR4]\] is similar to the percentage in overall population of patients with PC (8.5%) \[[@CR47]\]. Our data were in concordance with those observations. Interestingly, none of 136 EOPC cases in the study of Duffy et al. \[[@CR4]\] and none of EOPC cases in the present study were associated with inherited syndromes associated with elevated risk of developing PC. Only a single patient with EOPC in the present study was diagnosed with familial PC. The issue of familial PC was extensively reviewed previously \[[@CR33], [@CR46], [@CR48]\].

PanINs prevalence and densities {#Sec18}
-------------------------------

Several groups of investigators studied the prevalence of PC precursor lesions in patients without clinically detectable pancreatic diseases and/or patients with different types of tumors of non-ductal origin \[[@CR21], [@CR23], [@CR29], [@CR37], [@CR38], [@CR49]--[@CR51]\].

PanINs are very frequent in adult pancreata (up to 80% of cases studied), but the prevalence rates of PanIN of different grades of dysplasia differ significantly \[[@CR16], [@CR21], [@CR23], [@CR29], [@CR49], [@CR50]\]. PanINs-1A lesions are more prevalent (19--68.2% \[[@CR21], [@CR49]--[@CR51]\]) as compared to PanINs-1B (12--20% \[[@CR23], [@CR49]--[@CR51]\]) and PanINs-2 lesions (0--13.6% \[[@CR49]--[@CR51]\]). PanINs-3 lesions are very rare \[[@CR37]\] or nonexistent in patients without PC \[[@CR21], [@CR23], [@CR49]--[@CR51]\]. In our opinion, the differences between studies concerning PanIN prevalence rates in patients without PC may be caused by a number of methodological causes, e.g., different criteria of inclusion of patients across the studies, extensiveness of EPP sampling, or technique of statistical reporting.

Concerning the issue of PanIN prevalence in individuals without detectable pancreatic diseases, PanINs are more prevalent in older persons in comparison to younger ones (reviewed in Refs. \[[@CR16], [@CR17]\]). However, it is not definitely clear if the grade of PanINs found in asymptomatic individuals increases with their age, since results of different studies are discrepant \[[@CR21], [@CR29], [@CR37], [@CR49], [@CR50]\]. Even if such a correlation exists, it is rather weak \[[@CR37]\]. There is no significant difference between genders in the prevalence of PanINs \[[@CR21], [@CR23], [@CR29], [@CR50]\]. The PanIN prevalence is not associated with history of tobacco smoking \[[@CR19], [@CR23]\] or alcohol abuse \[[@CR23]\]. Is it not definitely clear whether PanIN prevalence is higher in the pancreatic head in comparison to other segments \[[@CR16]\], since results of studies on that issue were inconsistent \[[@CR21], [@CR23], [@CR26], [@CR29]\].

In the present study, we assumed that prevalence of PanINs in patients with NENs may be an indicator of their prevalence in individuals without pancreatic diseases. That was acknowledged by Stelow et al. \[[@CR37]\] and, very recently, by Recavarren et al. \[[@CR38]\]. However, the average age of patients with NENs included in those reports was above 45 years; that is, they were in significant proportion older than patients with NENs included in the present study. This may explain why we did not see PanINs-2 and PanINs-3 in patients with NENs despite they were seen (albeit rarely) in patients with NENs described in those reports \[[@CR37], [@CR38]\].

It is clear that PanIN-2 and PanIN-3 lesions are not supposed to be found in young patients without PCs (vide control group 1 in the present study), but they exist in patients with PCs (both younger and older ones). The PanINs-3 prevalence in patients with EOPCs in the present study was 39.1%. It was much lower than the PanINs-3 prevalence in older patients (76.9%, high-grade incipient IPMNs not included). That was obviously caused by differences in the studied EPP areas between those groups; therefore, it was of no significance.

Recently, it was proposed that not only prevalence of PanINs of different grades but also their density in EPP may be of clinical significance \[[@CR19]\]. The issue of densities of PC precursor lesions was also raised in earlier studies \[[@CR21], [@CR23]\]. It is not known whether PanIN densities differ in young and older patients with or without PCs and whether PanIN density may change in a particular individual during his/her lifetime. Lüttges et al. \[[@CR21]\] did not find any differences in numbers of intraductal lesions (compatible with present-day PanINs and squamous cell metaplasias) in systematically sampled pancreata of autopsied patients aged 6--92 who died of nonpancreatic diseases. This may indicate that PanIN density is relatively constant during lifetime in individuals who did not develop PC.

There is more data on PanIN density in patients with PCs. Shi et al. \[[@CR19]\] showed that EPP in patients with familial PCs contained 2.75 times more PanINs than EPP in patients with sporadic PCs (PanIN densities of 1.51 and 0.55 lesions cm^−2^ of EPP, respectively). The densities of all grades of PanINs were higher in familial PCs than in sporadic cases. Incipient IPMNs were detected in EPP in one third of familial PC cases, and their density was 11.8 times higher in familial PC cases than in sporadic ones \[[@CR19]\]. The densities on PanINs in older patients with PCs reported in the present study (control group 2) were comparable, but slightly higher to those reported by Shi et al. \[[@CR19]\] in their sporadic PC cases.

The median overall PanIN density in EOPC cases examined in the present study (1.20 lesions cm^−2^) was significantly higher than PanIN density in older patients with PCs (0.75 lesions cm^−2^) and slightly lower than previously mentioned PanIN density in familial PC cases in the study of Shi et al. \[[@CR19]\]. This finding was quite intriguing since only one patient with EOPC in the present study was diagnosed with familial PC. However, it should be noticed that significant differences in PanIN densities between particular patients with PCs may exist. Shi et al. \[[@CR19]\] showed that overall PanIN densities in patients with familial PCs and sporadic PCs may range from 0 to 3.8 and from 0 to 2.01 lesions cm^−2^ of EPP, respectively. We also noticed differences in overall PanIN density ranging from 0 up to 2 lesions cm^−2^ in both young and older patients with PCs. However, in any of the studied patients the overall PanIN density was not as high as 3.8 lesions cm^−2^ of EPP.

We did not observe statistically significant differences concerning densities of PanINs-1B, PanINs-2, and PanINs-3 between patients with EOPCs and older patients with PCs. In contrast, the PanIN-1A density in patients with EOPCs was significantly higher than in older patients with PCs. We are not aware on any other studies on the relationship between PanIN-1A density and age of patients with PCs. It is possible that some PanIN-1A lesions may progress to PanINs-1B, and therefore, their density in older patients with PCs may decline. However, as mentioned earlier, we did not see any increase of PanIN-1B density in older patients with PCs as compared to younger ones. PanIN-1B density in older patients with PCs was even paradoxically lower than in patients with EOPCs, but that difference was not statistically significant. Lüttges et al. \[[@CR21]\] showed that prevalence of mucinous cell hypertrophy (present-day PanINs-1A) but not ductal papillary hyperplasia (present-day PanINs-1B and PanINs-2) increased with age of individuals without PCs.

In the present study, we also showed that densities of PanIN of all grades (including low-grade ones) were significantly higher in patients with EOPCs than in young patients with NENs.

Higher PanINs-1A density in patients with EOPCs as compared to young patients with NENs and older patients with PCs may indicate that in at least some EOPC patients, there is a tendency to develop multifocal low-grade PanINs. Although a great majority of these low-grade lesions did not progress to high-grade ones and invasive carcinomas (we did not observe any multifocal cancers in any of the studied cases), their relatively high density might reflect an alteration of some "gatekeeper" genes similarly as it was postulated by Shi et al. \[[@CR19]\] in familial PC.

IPMNs prevalence {#Sec19}
----------------

In the present study, only one EOPC (4.3%) was associated with IPMN. In contrast, as many as 20% of cases of PCs in older patients were associated with IPMNs. That percentage was higher than the prevalence of invasive carcinomas associated with IPMNs among resected ductal PCs reported in the large series presented by Poultsides et al. \[[@CR52]\] (132/1260, 10.5%). At present, IPMNs do not seem to be particularly frequent PC precursor lesion among patients with EOPCs, but further studies related to this issue are needed.

Focal lobular atrophy {#Sec20}
---------------------

Detlefsen et al. \[[@CR24]\] and Kloppel et al. \[[@CR28]\] showed that FLAs are frequent feature of pancreata of persons without clinically detectable pancreatic disorders. Interestingly, it may be often but not always associated with intraductal lesions mainly PanIN-1B. That seemed to be age-related phenomenon \[[@CR24], [@CR28]\]. Adenomatous hyperplasia of pancreatic ducts \[[@CR21], [@CR29]\], which probably equals to mucinous tubular complexes \[[@CR25]\], was reported in 40% of "normal" pancreata and 26.9% of cases of normal pancreata with "ductal hyperplasia" \[[@CR21], [@CR29]\]. Changes compatible with FLA may be found in approximately one third of normal pancreata with ductal hyperplasia \[[@CR29]\]. Meckler et al. \[[@CR53]\] described in detail parenchymal changes in members of the family with many cases of PCs. They found FLAs with cystic transformation and "mucinous metaplasia" of the intralobular ductules, PanINs of all grades, interstitial endocrine cell hyperplasia, numerous endocrine cells within ductal epithelial lining, and nuclear atypia in some endocrine cells and rarely mild inflammatory infiltrate, squamous cell metaplasia \[[@CR53]\]. Later Brune at al. \[[@CR26]\] showed that similar lesions but of high density may be found in patients without clinically detectable PC but with strong family history of PC. These patients presented multiple foci of PanINs of all grades as well as IPMNs with low-grade dysplasia \[[@CR26]\]. FLAs were related to almost all PanIN lesions including PanINs-1A \[[@CR26]\]. Brune et al. \[[@CR26]\] also documented less frequent FLAs associated with PanINs (including PanIN-1A) in patients without PCs. Moreover, PanIN-1B lesions may undergo "cystic transformation" to gastric foveolar IPMN \[[@CR16]\]. FLA related to PC precursor lesions may be actually focal or multifocal response to pancreatic duct obstruction, since it closely resembles obstructive chronic pancreatitis \[[@CR28]\]. It is possible to detect lobular fibrosis which is caused by obstruction of lobular duct by intraductal lesion using endoscopic ultrasonography \[[@CR26], [@CR30]--[@CR34], [@CR54]\]. In rare cases, multicentric PanINs with associated lobular atrophy and fibrosis involving the entire pancreas may develop in patients with negative family history of PC \[[@CR55]\]. PanINs and IPMNs lesions with or without associated FLAs were also documented in patients from families with familial PCs submitted to prospective screening programs \[[@CR30], [@CR32], [@CR33]\].

Related issue is the rate of FLAs to PanINs in patients with and without PCs. Detlefsen et al. \[[@CR24]\] found FLA in one of four autopsied patients with PanIN-1B lesions under the age of 60 years without clinical or grossly detectable pancreatic disease. In patients at the age of 60 or older, PanIN-1B--FLA complexes were found in 25/31 (80.6%) of cases \[[@CR24]\]. Shi et al. \[[@CR19]\] showed that the prevalence rates of FLAs in both familial and sporadic PC cases is related to the frequency of PC precursor lesions and they were 86% and 53%, respectively. The fact that the prevalence of PanIN-1B--FLA complexes in autopsied persons without evident pancreatic diseases at the age of 60 or older in the study of Detlefsen et al. \[[@CR24]\] was higher than the prevalence of FLA in patients with sporadic PCs in the study of Shi et al. \[[@CR19]\] is quite intriguing. It indicates that some not yet known factors may influence results of studies on FLAs. The parenchymal changes compatible with FLA diagnosis may be of different stage \[[@CR26]\] and extent and the FLA prevalence may be related to the "threshold" of features, which are identified as sufficient for the diagnosis of FLA. The FLA prevalence may be also related to extensiveness of EPP sampling. We found FLAs in as many as 38/39 (97.4%) of older patients with PCs. However, EPP was very extensively sampled, and we saw a correlation between EPP area and the number of FLAs in EPP of those patients (specific data not shown). FLA changes are also similar in pathogenesis and histopathology to obstructive pancreatitis \[[@CR24], [@CR28]\]. Such changes are more prevalent in the portion of pancreas distal to the tumor, which obstruct the duct. In the present study, we examined a low number of tumors (PCs and NENs) localized in the body or tail of the pancreas and therefore were not able to assess whether the localization of tumor influenced the prevalence of FLA.

In the present study, the rate of FLA to PanINs and the rate of FLA with mucinous tubular complexes to PanINs in patients with EOPCs did not differ from those in young patients with NENs, but they were significantly lower than in older patients with PCs. This may indicate that the increase of these rates represent an age-related phenomenon in patients with PCs, similarly to patients without PCs \[[@CR24]\]. We observed statistically significant correlations between the rate of FLA to PanINs (*r* = 0.368, *p* = 0.003) and the rate of FLA with mucinous tubular complexes to PanINs (*r* = 0.509, *p* = 0.0001) versus age in all studied patients with PCs.

Other lesions in pancreatic parenchyma of EOPC and control cases {#Sec21}
----------------------------------------------------------------

Lesions other than PanINs/IPMNs/FLAs found in EPP of cases studied in the present study did not seem to be related to the development of PC. Their prevalence rates were too low to be reliably compared between the study groups. Interestingly, we did not observe any cases of microscopic hyperplasia of endocrine component or exocrine-to-endocrine metaplasia, which may be related to the obstruction of pancreatic ducts and may represent a field effect in both ductal and endocrine component in patients at high risk of PC development or patients with familial PCs \[[@CR31], [@CR41], [@CR53]\]. In one single patient with EOPC, a separate NEN was found, but the significance of that finding was unclear. The EPP in that patient did not show any features of endocrine cell hyperplasia or microadenomatosis.

Study limitations {#Sec22}
-----------------

The limitation of the study resulted from the fact that not all EPP present in the specimen was submitted to histopathological examination. Majority of EOPCs were sampled and diagnosed before we introduced protocols of very extensive sampling of pancreatectomy specimens \[[@CR56]\]. This may explain why PanIN-3 density was (albeit not significantly) lower in patients with EOPCs in comparison with older patients with PCs. In some cases of EOPCs, the studied EPP area might be not large enough to detect PanINs-3.

Another limitation may be related to the presence of features of chronic pancreatitis in the studied cases since it may influence the prevalence of PC precursor lesions \[[@CR23]\]. Moderate or marked features of chronic pancreatitis were present in a small proportion of patients with EOPCs and young patients with NENs but in 30% of older patients with PCs.

Surgical resection is possible only in a minority of patients with PCs. Since all EOPC cases described in the present study were resected, we cannot exclude that very aggressive cases of EOPCs (which are less likely to be resectable) show different types or extent of histopathological alterations in EPP.

Conclusion {#Sec23}
==========

PanINs is the most prevalent precursor lesion of EOPCs. PanINs of all grades are frequent but not the universal finding in EPP in patients with EOPCs. The density of all grades of PanINs in EPP is significantly higher in patients with EOPCs than in young patients with NENs. Density of PanINs-1A is higher in patients with EOPCs than in older patients with PCs, but densities of PanINs of other grades are comparable. Some of PanINs are related to FLAs with or without formation of mucinous tubular complexes. EOPCs less frequently than PCs in older patients are derived from IPMNs. Relatively high density of low-grade PanINs in EPP of patients with EOPCs as compared to young patients with NENs and older patients with PCs may result from unknown multifocal genetic alterations in pancreatic tissue of EOPC patients.
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